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the character of the environment should be fully de- 
scribed, don with the published fi ures. The readings 

turea of the thennometers themselves, but trhe ap rosi- 

vegetation upon which they rest and of the fruit in the 
immediate v~cinit,y, and not t.he tcmperature of t,he air. 
The heat lost. by an unshelt.ered t,hermometer, crspecinllyv 
on clear night.s, is greater in a more or less degree t,lian 
that indicated by a sheltered instrument close by. 

During a research in t.he Wisconsin cranberrg marshes 
minimum thermometers exposed in the open invariably 
mad lower in clear weather than shehered instruments; 

of unsheltere 5 instruments are actua P ly only the tempern- 

mately represent the surface temperature o 9 R  bot t,he 

and over dense vegetation on clear nights differences 
ranging from 4 to 9 degrees (F.) were observed. 

During a research in the orchards in the Carolina Moun- 
tain region minimum thermometers fastened to shelters 
5 feet 6 inches above the ground usually read during 
cloudy weather about the same as thermometers within 
the shelters at  the same height, but in clear weather the 
unshelt.ercc1 instruments always read lower, but seldom 
more than 3 degrees (F) ; the differences not being RS great 
as in the cranberry marshes because the instruments were 
fartlicr away from the ground and in sections usutclly 
where the vegetation was not so dense. The differences 
were snidler when frrsh to strong winds prevailed. 

THE COMPARISON OF T H E  INDICATIONS OF SOME HOUSE THERMOMETERS I N  WINTER. RESULTS OF 
OBSERVATIONS. 

By HENRY I .  HALIIWIN. 
(daranac Lake, N . Y ., May 3, 1VW. I 

WNOYSIS. 

In the co:iipJriwn of 197 outdoor houaeh~ild t.ht.riiiirnictt.rR with P 
ding psvclm;net,er at i.enipt':'zt~urerr ranging f i w ?  O0 to -30" la'.. it 
waa found that theye WBR a mean error of 3.2' 1- . UN c~.iiiip:md wi!h 
the ps:ichroiiicter, tlie anwiint. of error iiicressing with tlecrwse 111 
temperature. Of the nuniber tested 120 ~ L V B  a re.xtling tun high, mid 
69 B reding too low, while 9 were c.ir:.ect a t  t.he olJwrre(l tenlprlturr. 
The greoteJt prrw fount1 \v:w 80" F.. 

It is a coninion c)cc'urrmce in B smull niourit.:tiii coni- 
munity that whenrvcr tlic mercurr cl tops coiisidernhly 
below zcro an ti st.ill wintcr inoriiing many conflirting 
reports are circuliited regnrding the ternpera t.urc. There 
are wrious popular csplnnntions for tliesc discreptmcics, 
including a n g u e  idcn. thnt soiiie r f a  of a town arc 
colder than others, hut there csists ittle clefmite knowl- 
edge on the eub'ect. It was witli t: view of ascert*xin- 

following olxervations were niude. It \vas originally 
planned to make a complete thermomet,er census of the 
village of Sarnnac Lake, N. Y., under a wide range of 
temperatmre condit,ions, but this was found to be im- 
practicable in the available t.ime. The a.uthor fully 
realizes the 1imibat.ioiis of t,he above observations, ow- 
ing to the many fact,ors not, considered, bnt hopes t.hat. 
t.he results may be of some int,erest if not of much prac- 
tical value. 

Ohsrrvations were inaide bet:wcen 7:15 and 8 a. ni., it  
having prcviously been deteminecl that no apprecinble 
rise in teniperaturr occurrctl during t h n t  period. The 
meather conditioiis were chosen a.s nearly the same on 
the diflerent. dags tis possible, cloudless and still morn- 
ings being selected. The tempernture reading with 
which the retidin s of the hoiisehold thermometers x-ere 

of tl Green's Mo. 150 sling psychrometer whirled 
near readmr t e house therniomeher. In  tlie following results 
the readings of this psvchronietsr are referred to by 
concession as "stsiidnrd," and it is msumed that no 
variation occurred in the iiist.rumeiit during the ohscrva- 
tions. 

To insure this tho sychrometer was kept tis much as 

sure of the tliemoIneters t.ested differed in neiirly every 
case, and hit afcw were at.twhcd t.0 trees, or ohjccts sepa- 
rat.ed from heated houses, little compt-irison can be niade 
among them. Howevcr, t,lie observations made close 
to, and applying to one t.hermometer only, me sufficient 
for our purposes of showing the errors of individual 
thermometers. It must, of course, be nnderst.ood that 
the arbitrary corrections applied to the different ther- 
mometers in the tables hold true only for that particular 
temperature a t  which they were checked. 

ing more defiriite \ ,o tlic c.aiiw of thcse varintions that tlie 

compared was o % taincd by tanking the mean of t,hree 

possible atb B uniform P y low temperature. As the espo- 

About twicc as riiany t.hermorneters rcad too high as too 
low, and i t  was noticcd that it was geiiernlly the cheaper 
alcohol thermometers which read too low, while the 
majority of thr inercurial t.hPnnometsrs read too high. 
The nicm vnrintioii from the stundtird of tlie 197 ther- 
inonictcrs testcd was foulid to he 3.23' I?., the (mor in- 
creasiw from 9.22' at. 0' ??. to 4.18' nt -28' F. In- 
citlenttily some of tlie series of observations illustrated 
very wcll the vrwiations of temperrt ture due to topographic 
conditions, and shows thn t thcse varintinns are inde- 
pclntlcn t of dilferences in tlicrniome trrs. In figure 1 
the reedings of the sling tlieriiiometer are plotted beside 

I -- --- 
ahniit 

an lipprosinlate profile oE tlic wound corered in thc 
observations, and dc?monstmt,e &e effect of topography 
on the distrihut.ion of surface temperatures a t  about 
sunrise on clear, quiet, winter morninas.' 

Errors in thermometers arise chiefly horn three causes: 
First, from the contraction of the glass and chan 
the t.lit?rmonieter fluid with age; second, from the CF Iffor- in 
ent.ial expansion of the s d e  and tho glass (where the 
scale is not niarked on the glass) ; and, third, from faulty 
ox osure and ventilation. 

f'he occurrence of minus errors in alcohol thermometers 
can be explained by the instability of alcohol as a ther- 
mometer fluid. I t  evaporates readily, and hence ther- 
mometers are filled at  a low temperakure, causin a 
high pressure to be cleveloped when heated. Alcohi is 
hard to obtain in uniform quality, and has a tendency to 
form other c.om ounds. However, the me.ficient of 
expansion of alco il 01 is about 6 times that of mercury, 

~ ~~~ 

1 The detailed tables and numerid summaries of the numerical departures sre on 
file at the central office of the Weather Uuresu, Washiugton, D. G. 
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which makes inappreciable any errors arising from change 
in the freezing point. with the aging of the . This 

care must be exercise in their manufacture if they are to 
be a t  all a.ccurnt,e. Thus alcohol thermometers arc! 
liable to read too low because of age. especial1 if exposed 

the alcohol or t.he contained compoiinfs. 
The reason for the great.er numbez of mercury t,hermom- 

et.ers reading too hi h is doubtless the contraction of 

the glass in most chen thermometers,. the aging of 

freezing ninrk, ossuniin that, the thcrmometer is rigidly 
nt,t,ached t.o the scale. f f  the scale slips, nnot,her irregular 
error will, of course, be introduced. It. has bccn found 
that A, thermometer graduat,ed the dny it, is filled will 
read 1.5' higher a week later; if not graduat.ed for one 
and a hnlf years after filling, it  will still read 0.5' too high 
in 6 years. Subject,ing n thermometer bo n low tempeza- 
tug ,  ns - 40' F., also appear s slightly to raise the freezing 
point. 

Other errors in therrnoniet.ers result from faulty ex- 
posure and ven t.ilnt.ion. A thermometer hung against 
the wall of a house, for inst.ance, does not show the exact 
a.ir tempemture in cold wetrt.her, being influenced by 
conduction and radiation from the heat.ed house. It is 
therefore bet,ter t.0 hang a thermometcr on a porch post, 
or support it  at  a distance from a window, than to fasten 
it directly to the wall. 

During clear night.s, especially during the winter in t,he 
middle and higher lat.it.udes, it is observed that in calm 

to ether wit.h its low freezin point ma-es Pass nlcohol % va f uable for low-tem ernt.nre t ermometers, but great 

to direct sunlight:, which causes a. chan e in t K e nature of 

the glass with age. 5 hile t,he scale is not marked on 

the glass operat.es in t r le same mannez in lift,lng t.he 

R 

wecit,her t,he valleys are colder than the surrounding hills 
up to a certain altitude. The cause of this phenomenon 
is the nocturnal radintion from the surface of the earth 
into spce .  A deep snow cover intensifies the effect. 
The resulting cooling of the ground cools the adjacent 
layer of air, a.nd since cold air is heavier than warm, the 
coldest layers lie nearest, the ground in calm weateher. 
Where the surface is not, level, it follows t11a.t these cold 
layers of air flow down into the hollows, thus mnking 
t.hem colder on st,ill wint.er nights t,hnn the inclosing up- 
lands. 

CONCLUSIONS. 

(1) The average out.door household thermometer is 
about 3' (F.) in error at  low temperatures. 

(2) Most, thermometers read too high. Alcohol ther- 
momet.ers lead too low. 

(3) The amount of en01 increases with extremes of 
t.eni eraturc. 

(47 The nrintions in the report,s of low t,enipercitures 
in n mountain comniunity are due to- 

(a)  Faulty const.ruct,ion, calibration, m d  esposure of 
the t.hernioineter, and it.s age. 

( b )  Topographical fa.ctors affecting t.he location of the 
t herinomet,er. 

( 'oiidmacd [able oj 111 twn cleviatioi~s f rom tht atuitrlnrd thennometer. 

TEMPERATURE AND RELATIVE HUMIDITY IN COLL, STORAGE PLANTS FOR EGGS AND CANDY. 

By OWEN T. LAY, Observer. 
[IJ. 8. Weather Bureau, Chicagq Ill. Jan. 8, 1921.1 

mop818 

An account olthewritefsexperien~e inaii investieation of aqueous vaporln its rdation 

1. The temperatiire should be kept low for eggs and moderate lor mast kinds of candy. 
2. The motive humidity should be cornyarathe:y high lor eggs and low lor randy. 
3. The s.ing psychrqmeter aas found to he the most prscticabre method of Audinp tile 

1. The demanifor such wor1 has steadily inrreasd IU ChiraFo. 
5. The proliahllity that there IS a latent Eeld lor such spemahzed work in other com- 

to certain cold storage problems. l;o lo\\ IIIL. are some of the points disrussed: 

relative humidit in dilferent arts 01 the.stqragr rev. 

mercial ceuters. 

Early in 191s the writer was re uested by the manager 

in Chicago to assist in an investigat.ioii of ctqueoiis vtl or in 

the storage of eggs. 
frcsh successfully i t  is of 

(in those that are fertile) 1s kept clormnnt, t.his generally 
being accomplished by rovirling a unilorm tempera- 

but varies somewliat with the time of year when laid; atid 
a t  the same t h e ,  bceping the air in the storage room 
purc, with just the riglit ztmount of wcll diffused water 
vapor. If the relative humidity is too low the interior 
moisture of the egg will escapc, resulting in n loss in 
weight and a product that. must br placed 011 the market 
at. R loss as "shrunken;" while, 011 the other hand, if N, high 
relative humidity obtains for any considerable period 
mold will form on the c.ases, fillers, aiid eggs and affect 
the flavor seriously. 

Throughout the first season, closiiig in J ~ I I u ~ ~ Y ,  1919, 
humidity inspections were made biweekly in eight rooms, 

of one of the largest and most. moc 9 ern cold storage plants 

its relation to certain cold storagc problems, especia P ly in 

course necessaryfor them to r ,eso handled that thelife germ 

ture slightly above their P reezii?g point, which is near 25' 

In  order to preserve eg 

containing approximately 20,000 cases each, it being 
found that in these heavily iiisulat.rcl rooms which were 
lie t stdcd almost constmt.ly, the tenipcrature could be 
he f d within 0.5' of the desired degree and the relative 
humidity held quite constant, although tellcling to in- 
crc'use grucluully as the season advanced. To combat 
t.his increase varying cliiantit.ies of unslakrd lime were 
in twduccd and at  t.imes cdcium chloride hoses were used 
in conjunction with elcctric funs. However, it  was 
lenriied that the arbihmy staritlard of iil)ont 58 per cent 
for the relatiye humidity was too high, t.his percentage 
having been t.hought about rivht by many experienced 
cold storage men; hence, reacfjustment to a lower er- 
centnge was found advisable for the sccoatl season, wfich 
estcndecl froni May, 191!3, to January, 1930. 

nuring the second sesson 14 rooms in the same plant, 
containing about 250,000 cases, were inspected weekly. 
Through st.udy of the dat.a r thcred (luring t.he preceding 

during the third season, closing with J t i n u q - ,  1021, the 
work was espanded to iiiclude four storage houses, with 
nbout 600,000 cases of cggs and 10,000,000 pounds of 
ca.ndy. Thc can:ly included chocoltitc c.reanis, chocolate 
aut btvs, cnramt~ls;, hard ctu?dies,.etc., two ozone machines 
being used occasionally in lieeplilg t.lio air clean. Most 
kinds of candy keep best in *I dry rooin, with moderate 
tern erature. 

d a n l i s  to the zealous care of those in charge of the 
mechanical side of the cold storage houses, the practical 

srnson, niuch more desirah Pa e result,s were secured; while, 


